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Abstract
Currently, heating and cooling systems used for achieving thermal comfort in commercial buildings represent a signiﬁcant energy
consumption. Traditionally, power supply installations of these Heating, Ventilation and Air Conditioning Systems (HVAC) present
low eﬃciency. In these installations the power is supplied from the substation to the HVAC system by low voltage cables. Due
to the long distances of the power distribution, the system suﬀers considerable energy losses. This paper proposes a decentralized
power supply installation based on a power distribution at medium voltage, which achieves not only signiﬁcant energy savings, but
also important savings in material and person-hours. These improvements entail substantial savings in cost and CO2 emissions.
c© 2016 The Authors. Published by Elsevier B.V.
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1. Introduction
The global contribution from buildings towards energy consumption, both residential and commercial, has steadily
increased, reaching ﬁgures between 20% and 40% in developed countries. For this reason, energy eﬃciency in
buildings is today a prime objective for energy policy at the regional, national, and international levels1.
Nowadays, society has increased its demand for thermal comfort by using air conditioning installations. Among
building services, the growth in the energy use by HVAC systems is particularly signiﬁcant, close to 50% of building
consumption (57% in the USA and 48% in Spain) [1]. The elevated electric energy consumption is one of the principal
issues that is raised by this global use, which could be a problem primarily due to its growth in emerging countries2.
Most of the energy consumption in buildings is for the provision of lighting, heating, cooling, and air conditioning.
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An increasing awareness of the environmental impact of CO2 and NOx emissions and CFCs has triggered a renewed
interest in environmentally friendly cooling and heating technologies3.
One way of reducing building energy consumption is to design buildings which are more economical in their use
of energy for heating, lighting, cooling, ventilation, and hot water supply4. Current building standards, such as the
“Directive 2002/91, Energy Eﬃciency in Buildings”5, suggest a way forward for the design and construction of new
and eﬃcient buildings. These regulations require a minimum energy eﬃciency level and propose several points to
work in, such as increasing insulation levels in the walls, roofs, sills, and windows, reducing inﬁltration in the latter
ones. These actions are based on reducing the building heat losses to reduce power consumption in cooling and
heating systems.
Passive measures, particularly natural or hybrid ventilation rather than air conditioning, can dramatically reduce
the primary energy consumption6 7. The use of renewable energy also contributes to reducing energy consumption8.
For existing buildings, the only improvement that can be made is to enhance the eﬃciency of the existing HVAC,
where most improvements focus on the cooling systems9 10 and on control strategies11 12. Some actions are based on
the use of high-tech devices such as sensors or measuring devices to analyze and monitor the energy consumption in
the buildings in order to reduce it. The main problems in this case are not only the high initial investment, due to the
cost of the equipment, but also the high and permanent maintenance requirements.
In the Spanish case, the electric consumption of the air conditioning systems in houses and the service sector add
up to 11% of the total electric consumption and it is continuously increasing. More than a million air conditioning
systems have been installed in Spain during the last few years. Each system has an average power of 2.5 kW, and this
means 3000 MW of additional power needed. This consumption would be approximately the equivalent generation of
three nuclear power plants13. This huge electric consumption presents other problems. First, the great power demand
of air conditioning systems, at certain times of day, is the main cause of many of the power outages in the coastal
tourist areas and in the areas of second homes.
Of particular interest is the case of commercial buildings with large power consumption, so tending to look for
overall improvements in eﬃciency14 15. Every commercial activity has unique energy needs but, on the whole, com-
mercial buildings use more than half of their energy for heating and lighting. For this reason, there is broad regulation
in all countries regarding HVAC systems16.
As mentioned, this paper is focused on commercial buildings, speciﬁcally in shopping malls. These big commercial
and leisure areas usually contain diﬀerent businesses, such as restaurants, cinemas, or shops, in the same building. In
these buildings, especially in countries with an extreme climate similar to Spain (cold winters and warm summers),
refrigeration is the largest electric load. Due to the high thermal load of lighting, electrical equipment, the great
number of people, and other miscellaneous loads, in the summer the refrigeration needs are even higher.
The method described in this paper focuses on a diﬀerent approach to the aforementioned need of energy eﬃciency
in commercial buildings. This new method enhances a building’s energy eﬃciency by improving the electrical supply
eﬃciency in the HVAC systems. The improvements provided the proposed system could be added to those provided
by the most advanced HVAC17.
The current electric power feeding schemes of HVAC systems in commercial buildings have been analyzed with
the objective of mitigating their eﬃciency deﬁciencies. This paper proposes a new design for the electric power supply
that ensures improvements in the energy eﬃciency of these buildings thanks to a remarkable decrease of electricity
losses in the new supply system conﬁguration. In this type of large building, electricity is the main energy used for
feeding the HVAC systems. It is a common practice to install centralized production facilities for heating and cooling,
commonly located on the roof of buildings.
Considering that these HVAC systems are usually integrated by 200 to 1000 kW rated power machines, very large
section cables are chosen to join the low voltage side of the transformers and and the HVAC machines. Considering
also the length of these cables, signiﬁcant electrical losses appear because of the Joule eﬀect. These losses can easily
reach 3%-5% of the total electric energy demanded by the HVAC system.
This paper proposes a new decentralized concept in the design of the electric power installation for HVAC, by
using medium voltage cables to feed the high power machines. This means that the MV/LV transformer must be now
inside the building, as will be described.
This paper is structured as follows: Section 2 presents the method used for the energy analysis of the system. A
description of the building used as a case study is presented in Section 3. Section 4 describes the traditional design
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Fig. 1. Real picture (left) and simulation scheme (right).
and decentralized power supply design. And ﬁnally, Section 5 presents the savings in terms of energy consumption,
materials, and person-hour.
2. Methodology
To study the new design of decentralized power supply presented in this paper, a quantitative comparison in terms
of energy and cost between traditional electrical installations currently used in this type of building and the proposed
facility has been conducted. In particular, this comparison based on real data: a real shopping mall in Spain is pre-
sented as a case study. In order to evaluate the thermal losses, an energy building simulation package, CALENER18,
was used for simulating this real commercial building in Spain. CALENER is based on the powerful simulation
software DOE-219.
The working procedure is the following. First, a CALENER simulation, based on real buiding data, allows ob-
taining accurate data on the thermal load and the building refrigeration needs. The HVAC machinery installed in the
actual building is validated with the CALENER results. Then, both electrical power supply systems, the traditional
and the new one, are designed according to the standards by using commercial software simulation of power systems.
Next, an energy and economic comparison between the two systems was conducted. Finally, a comparison between
the greenhouse gases emitted, showing the savings in this regard.
3. Description of the Building
3.1. Thermal loads of the building
The building under study is an integrated shopping mall with restaurants, oﬃces, shops, cinemas, corridors, etc.
The real design data of this shopping mall in Madrid includes the weather, area, number of shops and spaces, number
of occupants, lighting, oﬃce equipment, and load factor, among many other parameters. This information was used
for the simulation. The building was designed in accordance with the requirements set by the Regulatory Eﬃciency
in buildings20 by using the CALENER application.
The building has a total area of 104,486 m2, and is located in the Madrid region (Spain) 40◦23’N 3◦43’W, ele-
vation above sea level 667 m, Fig. 1. The Madrid region enjoys a Continental Mediterranean climate. The thermal
characteristics of the building (walls, insulation, skylights, and holes) fulﬁll the current regulations.
The main factors taken into account to estimate the thermal energy losses of the building include: the climate,
building envelope (walls, windows, roof, and ﬂoor.), operating conditions and operation of the building (operating
hours, number of occupant load factor), the performance of cooling systems and lighting. The diﬀerent times of
occupancy, lighting, equipment, and availability of the cooling system have been established as the standard use of
such buildings. The temperature of the air conditioning system during the hours of use of the building is set to 25◦C.
The total thermal load of the building was estimated by using the Hourly Analysis Program by21. The highest thermal
load of the building in summer has an average of 150 W/m2. The simultaneity coeﬃcient estimated for this facility is
0.65. The cooling peak load of the building is 10 248 kWt (Fig. 2).
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3.2. Air conditioning equipment
The HVAC equipment of the building includes:
— Distribution: The distribution consists of a primary circuit where the chillers, air-condensed machines, are
connected to a secondary circuit integrated by the air conditioners.
— Air Conditioners: Each space in which the building has been divided for calculations has a climate with suﬃ-
cient cooling power to combat load (In order to simplify the study do not have air conditioners free-cooling or
stove).
Fig. 2. Final peak thermal load (kWt) in the building
along the year.
Parameters
Cooling capacity 2700 [kWt]
Total power input 760 [kWe]
Energy Eﬃciency Ratio 3.8 [kWt/kWe]
Rated Voltage 400 [V]
Rated Current 1097 [A]
Rated Power Factor 0.923
Table 1. Chiller basic data
The HVAC system is suitable for the calculated thermal load. The goal is to produce the 10,248 kWt needed. The
HVAC system has a cooling water system including four chillers, air condensing machines designed by Chiller 01,
Chiller 02, Chiller 03 and Chiller 04. The speciﬁc information for the selected commercial chillers is described in
Table 1.
4. Power Supply Design
The present section focuses on the study of the electric power supply installation for HVAC systems or similar
highly concentrated power loads. In this particular case, the power supply network consists of four chillers of 760
kWe each, as described previously.
4.1. Traditional power supply design
Even in the case chiller machines of several hundreds of kW per machine, 760 kW in this case, the power supply
is designed using normally several low voltage cables of a high section per phase from the MV/LV substation placed
far from the building.
Fig. 3A shows layout of a traditional power supply. The four cooling machines are installed on the roof of the
building (4). The high/medium voltage substation (1) is usually outside the building, away from the chillers. Particu-
larly in this case, the length of each low voltage cable (2), from the MV/ LV substation to the refrigeration machines,
is 200m.
The sections of these LV cables are calculated according to the current standards IEC concerning low voltage cable,
taking into account factors such as the current carrying capacity, short circuit current, and maximum permissible
voltage drop. The single line diagram of this conﬁguration is shown in Fig. 4. According to these parameters, the
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Fig. 3. A) Layout of a traditional power supply (Left), (1) Electrical consumer substation. (2) LV cable. (3) Chillers. (4) Power transformer. B)
Layout of a decentralized power supply. (1) Electrical consumer substation. (2) MV cable. (3) Chillers. (4) Power transformer. (5) Input/output
substation.
Fig. 4. A) Single line diagram of the traditional power supply (Left).B) Layout of a decentralized power supply (Right).
facility would have six cables per phase, consisting of unipolar XLPE copper cables 0.6/1 kV with a section of 240
mm2 each one (LV Cable in (Fig. 4)).The neutral cable is 1x120 mm2. These cables have a length of 200 meters, as
mentioned previously, perched on cable trays, suitable for outdoor installations.
The decentralized power supply system (Fig. 3B) consists of a MV distribution. Although rated voltage of the
chillers is low voltage, the distribution transformers (1) which feed the refrigeration system (3) will be placed as close
as possible to the chiller machines. In that way the electric power is transported from -the input/output substation (5)
to the chiller plant (3) by using medium voltage cable (2). Consequently the current to be carried will be minimized,
the section of the cable will be smaller, and the looses can be easily reduced. The low voltage distribution panel will
also be placed on the roof as close as posible to the chillers.
In this case the choice of the cables has been based on22. Taking into account mainly the current allowed into
the steady state and the short-circuit current, the selected cables are one conductor per phase, 95 mm2 copper XLPE
insulated, 12/20 kV . For this installation a cable tray will be used as well, but smaller than in the traditional design.
The single line diagram of this arrangement is shown in Fig. 4B.
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Fig. 5. A) Traditional power supply system load ﬂow at full load. B) Decentralized power supply system load ﬂow at full load.
Table 2. Electric power consumption simulations results at diﬀerent loads and operation hour chiller at diﬀerent loads during one year period.
Load Traditional Decentralized Savings Chiller1 Chiller2 Chiller3 Chiller4
% P[kW] Q[kVAr] P[kW] Q[kVAr] P[kW] Q[kVAr] [h] [h] [h] [h]
100 3204 1678 3075 1501 129 177 69 69 54 16
90 2866 1466 2764 1327 102 139 232 197 100 33
80 2532 1265 2454 1158 78 107 293 245 158 49
70 2203 1075 2145 995 58 80 267 220 129 2
60 1878 895 1836 836 42 59 170 130 17 0
50 1557 725 1528 683 29 42 107 73 0 0
40 1239 564 1221 535 18 29 55 0 0 0
30 925 411 915 393 10 18 69 0 0 0
20 614 267 609 255 5 12 174 0 0 0
10 305 130 304 121 1 9 391 0 0 0
Total 1827 934 458 100l
5. Assessment of saving
5.1. Assessment of the Energy Savings
The main reason for the reduction of the electrical losses, comparing both systems, is the reduction of the length
of low voltage cables. As it is show in Fig. 5, the total power consumption is reduced from 3204 kW to 3075 kW, and
it represent a saving of 129 kW at full load condition. The cables looses are reduced from 124,8 kW, in the case of
traditional power supply system, to 0,6 kW, in case of decentralized power supply system.
In order to evaluate the total saving during a year it is necessary to simulate the electric system at diﬀerent load of
the chiller. The results of these simulations are summarized on Table 2.
The building air conditioning needs have been calculated during the diﬀerent months of the year. These data have
been obtained using the CALENER simulation software, which allows to estimate the annual operating hours of each
chiller according to the load level at which they are used. This simulation program takes into consideration several
parameters such as scheduling, location and orientation of the building, distribution of air-conditioning points, thermal
insulation, etc. The results of the simulations are presented on (Table 2).
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Crossing the information in table 2 gives the total annual consumption in each case. The annual power savings
achieved by the redesigned power supply scheme has been calculated as well. The new system proposed in this paper,
achieve annual energy savings of approximately 50 MWh (from 1.639,74 to 1.689,64 MWh). This saving represents
3,2% of the total electricity consumption of the shopping mall. On the other hand, these energy savings imply a CO2
emission reduction of 35035.82 kg.
5.2. Evaluation of the Materials Savings
Moreover to the important energy saving, the proposed system implies a relevant reduction in materials. This
materials savings has been evaluated by calculating the weight of copper, steel and plastic, for both solutions.
5.2.1. Cables.
Copper cables were chosen in both cases in order to compare the material savings. The parameter of comparation
is the weight in kilograms of copper, used in cables at each facility.
As shown in Table 3, the savings in copper is approximately 17042.2 kg. By using this new system of electrical
installation design has cut more than 94% the cost of copper from the cabling. It is also appropriate to highlight the
savings that are estimated in isolation in the cabling and also translates it into economic savings. Considering the
technical characteristics of the chosen cables, the diﬀerence between the insulating material weight is remarkable. In
this case the total savings in plastic material is approximately 4141.2 kg or 87.6% (Table 3).
Table 3. Cooper and plastic insulation used in both solutions.
Phase/ Section Units Length Copper Weight Plastic Weight
Neutral [mm2] [m] [kg] [kg]
Traditional P 240 6 x 3 2 x 200 15483.1 4061.3
N 120 6 x 1 2 x 200 2580.5 665.43
Decentralized P 95 1 x 3 2 x 200 1021.4 585.5
5.2.2. Trays and accessories.
As in the previous subsection, the comparison will be conducted by estimating the gross weight of the installation
of the cable trays for each conﬁguration. Thus, the saving in kilograms of steel used in each case correspond to 7.934
kg. It represents more than 85 %.
Table 4. Cable trays material and steel weight for both power supply designs.
Element Units Weight [kg steel] Element Units Weight [kg steel]
Traditional power supply Decentralized power supply
Tray (3m) 267 6400 Tray (3m) 67 800
Cover 67 1012 Cover 67 306.14
Support 133 753 Support 100 161.4
Bracket 533 1076 Bracket 67 40.35
Total 9242 Total 1308
5.3. Civil work
Considering that the weight of two 1.6 MVA power transformers is about 2 x 4521 kg and the weight of the four
chiller machines is about 4 x 7680 kg, no additional prerequisites have to be demanded of the roof’s mechanical char-
acteristics. The mechanical characteristics of the whole structure would tolerate the addition of the power transformer
weight, considering the security factors used in this type of building.
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5.4. Person hour / labor
Regarding the power supply installation, considering the reduction in cables, trays, and insulation involved with
the new decentralized power supply scheme, a reduction of person-hour labor can be achieved. The savings in person-
hours is about 758 h, from 968 h to 210h. The use of this new decentralized electrical installation design has cut more
than 78.3% from the person-hours from the installation.
6. Conclusions
This paper proposed a new decentralized design for power supply installations for HVAC systems. This new design
reduces the electric energy losses signiﬁcantly. In the case study, these savings are around 50 MWh/year, which
represent 3%. In addition, the proposed power supply installation achieves a signiﬁcant reduction in the copper,
plastic, and steel needed, which implies substantial additional cost savings. In the case study presented, the reductions
are around 17,000 kg of copper and 8000 kg of steel. It has also reduced the number of person-hours by 758 hours.
Simulation results based on real data for a shopping mall in Spain veriﬁed the results.
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